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(57) [ABSTRACT] 
[Object) 

To constantly conduct appropriate annealing without taking out an object (M) 
from a vacuum chamber (1) even when the object (M) has variation in its thickness and 
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characteristic. 
[Solution] 

The object (M) is irradiated obliquely with laser light (R), the intensity of 
reflected laser light (L) which has reflected on the object (M) is metered by 
light-intensity metering means (9), and an annealing status is judged based on the 
metered intensity of the reflected laser beam (L). And, laser irradiation means (6) and 
a movable mount table (2) are controlled by control means (10). 
[Effect] 

The quality and the throughput can be improved. 

[Scope of Claims] 
[Claim 1] 

A laser annealing process apparatus (100) equipped with laser irradiation 
means (6) which irradiates an object (M) provided inside an airtight container (1) with 
laser light (R) which is delivered from outside through a laser introduction window (5), 
and a movable mount table (2) on which the object (M) is mounted and which moves so 
as to scan a large area of the object (M) with a small area of a laser irradiation portion 
(P), characterized in that the object (M) is irradiated obliquely with the laser light (R), 
intensity of reflected laser light (L) which has reflected on the object (M) is metered by 
light-intensity metering means (9), and an annealing status is judged based on the 
metered intensity of the reflected laser beam (L). 
[Claim 2] 

A laser annealing process apparatus (100) equipped with laser irradiation 
means (6) which irradiates an object (M) with laser light (R) and a movable mount table 
(2) on which the object (M) is mounted and which moves so as to scan a large area of 
the object (M) with a small area of a laser irradiation portion (P), characterized by 
including light-intensity metering means (9) which meters intensity of reflected laser 
light (L) which has reflected on the object (M) or intensity of passed laser light which 
has passed through the object (M), and control means (10) which controls at least one of 
the laser irradiation means (6) and the movable mount table (2) based on the intensity of 



2/13 



001-5714342916=RIPLO /-= 



/06-02-14-20: 10/001-011 

English Translation of JP H9- 102468 



the reflected laser light (L) or the intensity of the passed laser light metered by the 
light-intensity metering means (9). 
(Claim 3] 

A laser annealing process apparatus (100) for annealing an object (M) by 
irradiating the object (M) with laser light (R), characterized by including light-intensity 
metering means (9) which meters intensity of reflected laser light (L) which has 
reflected on the object (M) or intensity of passed laser light which has passed through 
the object (M), wherein an annealing status is judged based on the intensity of the 
reflected laser light (L) or the intensity of the passed laser light metered by the 
light-intensity metering means (9). 

[Detailed Description of the Invention] 
[0001] 

(Technical Field to which the Invention Belongs] 

The present invention relates to a laser annealing process apparatus, and more 
specifically to a laser annealing process apparatus which can constantly conduct 
appropriate, neither too much nor too little, annealing even when an object has variation. 
A laser annealing process apparatus according to the present invention is effective 
particularly for forming a large-grain poly-crystalline silicon thin film of large size. 
[0002] 
[Prior Art] 

FIG. 5 is a longitudinal sectional view showing substantial parts of an example 
of a conventional laser annealing process apparatus. This laser annealing process 
apparatus 500 includes a vacuum chamber 1 made of aluminum, a movable mount table 
2 on which an object (M) is mounted and which moves on a base B provided inside this 
vacuum chamber 1, a resistance line 3 which is buried in a top plane of this movable 
mount table 2 and which preheats the object M, a laser introduction window 5 which is 
a quartz glass plate with an ultraviolet ray anti-reflection film (AR coat) formed on its 
opposite surfaces and which is provided to a ceiling portion la of the vacuum chamber 
1, an excimer laser irradiation apparatus 6 which emits laser light R approximately 
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vertically downward through this laser introduction window 5, a gate valve S2 for 
introducing the object M into the vacuum chamber 1, and a gate valve S3 for taking out 
the object M from the vacuum chamber 1. lb denotes an exhaust outlet for vacuuming. 
The object M is an insulating substrate M2 with an amorphous semiconductor thin film 
Ml formed thereon. 
[0003] 

A laser annealing process is conducted according to the following procedure; 
© the gate valve S2 is opened, an unprocessed object M is mounted on the movable 
mount table 2, and the gate valve S2 is closed. 

© the vacuum chamber 1 is evacuated from the exhaust outlet lb so that the inside of 
the vacuum chamber 1 becomes highly vacuum at 10* to 10* Torr (alternatively filled 
with nitrogen gas). Next, current is conducted to the resistance line 3 so as to preheat 
the object M at approximately 400°C. Further, the movable mount table 2 is moved so 
that a laser irradiation portion P is positioned at an irradiation start point on the object M. 
Then, laser light R is generated from the excimer laser irradiation apparatus 6. The 
laser light R is introduced into the vacuum chamber 1 through the laser introduction 
window 5 and delivered approximately vertically to the surface of the object M. The 
movable mount table 2 is moved in this state so as to scan the whole surface (for 
example 300 mm x 300 mm) of the amorphous semiconductor thin film Ml of the 
object M by the laser irradiation portion P with a small area (for example 0.4 mm x 150 
mm). Accordingly, the amorphous semiconductor thin film Ml can be crystallized. 
© the gate valve S3 is opened, the processed object M is taken out from the top plane 
of the movable mount table 2, and the gate valve S3 is closed. 
[0004] 

[Problems to be Solved by the Invention] 

The above conventional laser annealing process apparatus 500 has a problem in 
that whether the annealing has been conducted appropriately or not is judged only after 
the object M is taken out from the vacuum chamber 1 and analyzed. Further, the 
thickness and the characteristic of the amorphous semiconductor thin film Ml have 
variation. For this reason, a problem occurs in which too much or too little annealing 
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is conducted depending on the object M when the irradiation intensity and the 
irradiation timing of the laser light R, and the moving speed and the moving timing of 
the movable mount table 2 are constant in the above laser annealing process apparatus 
500. Consequently, it is a first object of the present invention to provide a laser 
annealing process apparatus which can tell during the annealing whether the annealing 
is appropriate or not. Moreover, it is a second object of the present invention to 
provide a laser annealing process apparatus which can constantly conduct appropriate, 
neither too much nor too little, annealing even when the object has variation. 
[0005] 

[Means for Solving the Problems] 

According to a first perspective, the present invention provides a laser 
annealing process apparatus (100) equipped with laser irradiation means 6 which 
irradiates an object (M) provided inside an airtight container (1) with laser light (R) 
which is delivered from outside through a laser introduction window (5), and a movable 
mount table 2 on which the object (M) is mounted and which moves so as to scan a 
large area of the object (M) with a small area of a laser irradiation portion (P). 
characterized in that the object (M) is irradiated obliquely with the laser light (R), 
intensity of reflected laser light (L) which has reflected on the object (M) is metered by 
light-intensity metering means (9), and an annealing status is judged based on the 
metered intensity of the reflected laser light (L). In the laser annealing process 
apparatus (100) according to the first perspective, the object (M) is irradiated with the 
laser light (R) from the oblique direction, and the reflected laser light which has 
reflected in a reversely-oblique direction is metered by the light-intensity metering 
means (9). Here, the reflectivity of the object (M) changes in accordance with the 
annealing status; therefore, the annealing status can be known from the intensity of the 
reflected laser light (L) metered by the light-intensity metering means (9). For 
example, although the reflectivity of the amorphous semiconductor thin film (Ml) is 
comparatively low, the reflectivity thereof increases comparatively by the crystallization. 
Therefore, the intensity of the reflected laser light (L) metered by the light-intensity 
metering means (9) increases with the progress of the crystallization, and stops 
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changing when the crystallization ends. Accordingly, it is possible to know at the 
annealing whether the annealing is appropriate or not by judging the annealing status 
based on the metered intensity of the reflected laser light (L). And appropriate 
annealing can be completed without taking out the object (M) from the airtight 
container (1), and high throughput is achieved. Since the object (M) is irradiated with 
the laser light (R) from the oblique direction, a laser introduction window (8) is 
provided at a ceiling portion (la) of the airtight container (1) and at a position away 
from vertically above the laser irradiation portion (P). For this reason, the laser 
introduction window (8) does not become dirty even when an evaporated substance 
which is generated from the object (M) at the annealing is attached to a wall surface at 
the ceiling portion (la) of the airtight container (1) which is vertically above the laser 
irradiation portion (P). Therefore, it is possible to prevent that the energy of the laser 
light (R) introduced from the laser introduction window (8) is attenuated due to the 
evaporated substance from the object (M). Moreover, since the object (M) is irradiated 
with the laser light (R) from the oblique direction, it is also possible to prevent the 
reflected laser light (L) which has reflected on the object (M) from entering the object 
(M) again by reflecting on the ceiling portion (la) of the airtight container (1) and from 
adversely affecting the annealing. 
[0006] 

In a second perspective, the present invention provides a laser annealing 
process apparatus (100) equipped with laser irradiation means (6) which irradiates an 
object (M) with laser light (R), and a movable mount table (2) on which the object (M) 
is mounted and which moves so as to scan a large area of the object (M) with a small 
area of a laser irradiation portion (P), characterized by including light-intensity metering 
means (9) which meters intensity of reflected laser light (L) which has reflected on the 
object (M) or intensity of passed laser light which has passed through the object (M), 
and control means (10) which controls at least one of the laser irradiation means (6) and 
the movable mount table (2) based on the intensity of the reflected laser light (L) or the 
intensity of the passed laser light metered by the light-intensity metering means (9). In 
the laser annealing process apparatus (100) according to the second perspective, the 



6/13 



O01-57.14342916=RIPLO /-= 



/06-02-14-20: 10/001-015 

English Translation of JP H9-102468 



object (M) is irradiated with the laser light (R), and the intensity of the reflected laser 
light (L) is metered by the light-intensity metering means (9). Here, the reflectivity of 
the object (M) changes in accordance with the annealing status; therefore, the annealing 
status can be known from the intensity of the reflected laser light (L) metered by the 
light-intensity metering means (9). For example, although the reflectivity of the 
amorphous semiconductor thin film (Ml) is comparatively low, the reflectivity thereof 
increases comparatively by the crystallization. Therefore, the intensity of the reflected 
laser light (L) metered by the light-intensity metering means (9) increases with the 
progress of the crystallization, and stops changing when the crystallization ends. 
Accordingly, when at least one of the laser irradiation means (6) and the movable mount 
table (2) is controlled based on the metered intensity of the reflected laser light (L), 
appropriate, neither too much nor too little, annealing can be constantly conducted even 
when the object (M) has variation. 
(0007] 

In a third perspective, the present invention provides a laser annealing process 
apparatus (100) for annealing an object (M) by irradiating the object (M) with laser light 
(R), characterized by including light-intensity metering means (9) which meters 
intensity of reflected laser light (L) which has reflected on the object (M) or intensity of 
passed laser light which has passed through the object (M), wherein an annealing status 
is judged based on the intensity of the reflected laser light (L) or the intensity of the 
passed laser light metered by the light-intensity metering means (9). In the laser 
annealing process apparatus (100) according to the third perspective, the object (M) is 
irradiated with the laser light (R), and the intensity of the reflected laser light (L) or the 
intensity of the passed laser light is metered by the light-intensity metering means (9). 
Here, the reflectivity or the transmissivity of the object (M) changes in accordance with 
the annealing status; therefore, the annealing status can be known from the intensity of 
the reflected laser light (L) or the intensity of the passed laser light metered by the 
light-intensity metering means (9). For example, although the reflectivity of the 
amorphous semiconductor thin film (Ml) is comparatively low, the reflectivity thereof 
increases comparatively by the crystallization. Therefore, the intensity of the reflected 
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laser light (L) metered by the light-intensity metering means (9) increases with the 
progress of the crystallization, and stops changing when the crystallization ends. 
Moreover, the transmissivity of the amorphous semiconductor thin film (Ml) is 
comparatively high; however the transmissivity deceases comparatively by the 
crystallization. Therefore, the intensity of the passed laser light which is metered by 
the light-intensity metering means (9) decreases with the progress of the crystallization, 
and stops changing when the crystallization ends. Accordingly, whether the annealing 
is appropriate or not can be known at the annealing by judging the annealing status 
based on the metered intensity of the reflected laser light (L) or the passed laser light. 
[0008] 

[Embodiment Modes of the Invention] 

Embodiment Modes of the present invention are hereinafter described with 
reference to the drawings. It is to be noted that the present invention is not limited to 
this. 

(0009]-Embodiment Mode 1- 

FIG 1 is a cross-sectional view showing substantial parts in a laser annealing 
process apparatus according to Embodiment Mode 1 of the present invention. This 
laser annealing process apparatus 100 includes a vacuum chamber 1 made of aluminum, 
a movable mount table 2 on which an object (M) is mounted and which moves on a base 
B provided inside this vacuum chamber 1, a resistance line 3 which is buried in a top 
plane of this movable mount table 2 and which preheats the object M, a laser 
introduction window 5 which is a quartz glass plate with an ultraviolet ray 
anti-reflection film (AR coat) formed on its opposite surfaces and which is provided in a 
tilted state to a ceiling portion la of the vacuum chamber 1, an excimer laser irradiation 
apparatus 6 which delivers laser light R in an obliquely downward direction through this 
laser introduction window 5, a gate valve S2 for introducing the object M into the 
vacuum chamber 1, a gate valve S3 for taking out the object M from the vacuum 
chamber 1, a light-intensity metering device 9 which meters the intensity of reflected 
laser light L which has specularly-reflected on the object M, and a control device 10 
which controls the laser irradiation means 6 or the movable mount table 2 based on the 
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intensity of the reflected laser light L metered by the light-intensity metering device 9. 
lb denotes an exhaust outlet for vacuuming. The object M is an insulating substrate 
M2 with an amorphous semiconductor thin film Ml formed thereon. 
[0010] 

A laser annealing process is conducted according to the following procedure: 
® the gate valve S2 is opened, an unprocessed object M is mounted on the movable 
mount table 2, and the gate valve S2 is closed. 

® the vacuum chamber 1 is evacuated from the exhaust outlet lb so that the vacuum 
chamber 1 becomes highly vacuum at 10" 2 to 10"* Torr (alternatively filled with nitrogen 
gas). Next, current is conducted to the resistance line 3 so as to preheat the object M at 
approximately 400°C. Further, the movable mount table 2 is moved so that a laser 
irradiation portion P is positioned at an irradiation start point on the object M. Then, 
laser light R is generated from the excimer laser irradiation apparatus 6. The laser 
light R is introduced into the vacuum chamber 1 through the laser introduction window 
5 and delivered to the surface of the object M from an oblique direction. The movable 
mount table 2 is moved in this state so as to scan the whole surface (for example 300 
mm x 300 mm) of the amorphous semiconductor thin film Ml of the object M with a 
small area (for example 0.4 mm x 150 mm) of the laser irradiation portion P. At this 
time, based on the intensity of the reflected laser light L> the excimer laser irradiation 
apparatus 6 is controlled to adjust the irradiation intensity and the irradiation timing of 
the laser light R and the movable mount table 2 is controlled to adjust the moving speed 
and the moving timing. This makes it possible to appropriately crystallize the 
amorphous semiconductor thin film Ml even when the amorphous semiconductor thin 
film Ml has variation in its thickness and characteristic. ® the gate valve S3 is opened, 
the processed object M is taken out from the top plane of the movable mount table 2, 
and the gate valve S3 is closed. 
[0011] 

FIG 2 is a figure showing the characteristics of the reflectivity of amorphous 
silicon a-Si and crystalline silicon C-Si. In any wavelength, the amorphous silicon 
a-Si has lower reflectivity than the crystalline silicon C-Si. Therefore, the intensity of 
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the reflected laser light L metered by the light-intensity metering device 9 is low in the 
amorphous silicon a-Si but increases with the progress of crystallization, and stops 
changing with a large value when the crystallization ends. Consequently, the excimer 
laser irradiation apparatus 6 and the movable mount table 2 are preferably controlled in 
such a way that the irradiation intensity of the laser light R is increased or the irradiation 
time is extended while the intensity of the reflected laser light L metered by the 
light-intensity metering device 9 is low, and the irradiation intensity of the laser light R 
is lowered or the irradiation time is shortened when the intensity of the reflected laser 
light L metered by the light-intensity metering device 9 is high. 
[0012] 

FIG 3 is a figure showing the convergence characteristic of the moving speed 
of the movable mount table 2 when the irradiation intensity of the laser light R is 
constant and the moving speed is controlled. The moving speed of the movable mount 
table 2 increases gradually from "0" at an irradiation start point and converges to the 
optimum speed at which neither too much nor too little annealing can be conducted. 
[0013] 

According to the above laser annealing process apparatus 100, it is possible to 
constantly conduct appropriate, neither too much nor too little, annealing without taking 
out the object M from the vacuum chamber 1 even when the object M has variation and 
to improve the quality and the throughput. Moreover, since the laser introduction 
window 8 is set at a position away from vertically above the laser irradiation portion P, 
the laser introduction window 8 does not become very dirty by the evaporated substance 
from the object M, and the energy of the laser light R can be prevented from being 
attenuated at the laser introduction window 8. In addition, since the reflected laser 
light L which has reflected on the object M does not enter the object M again by 
reflecting on the ceiling portion la of the vacuum chamber 1, it is also possible to 
prevent the reflected laser light Lfrom adversely affecting the annealing. 
[0014)-Embodiment Mode 2- 

FIG 4 is a cross-sectional view showing substantial parts of a laser annealing 
process apparatus according to Embodiment Mode 2 of the present invention. This 
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laser annealing process apparatus 200 includes a vacuum chamber 1 made of aluminum, 
a movable mount table 2 on which an object M is mounted and which moves on a base 
B provided inside this vacuum chamber 1, a resistance line 3 which is buried in a top 
plane of this movable mount table 2 and which preheats the object M, a laser 
introduction window 5 which is a quartz glass plate with an ultraviolet ray 
anti-reflection film (AR coat) formed on its opposite surfaces and which is provided to a 
ceiling portion la of the vacuum chamber 1, an excimer laser irradiation apparatus 6 
which emits laser light R approximately vertically downward through this laser 
introduction window 5, a gate valve S2 for introducing the object M into the vacuum 
chamber 1, a gate valve S3 for taking out the object M from the vacuum chamber 1, a 
light-intensity metering device 9 which meters the intensity of passed laser light which 
has passed through the object M, and a control device 10 which controls the laser 
irradiation apparatus 6 or the movable mount table 2 based on the intensity of the passed 
laser light metered by the light-intensity metering device 9. lb denotes an exhaust 
outlet for vacuuming. The object M is an insulating substrate M2 with an amorphous 
semiconductor thin film Ml formed thereon. 
[0015] 

A laser annealing process is conducted according to the following procedure: 
(D the gate valve S2 is opened, an unprocessed object M is mounted on the movable 
mount table 2, and the gate valve S2 is closed. 

® the vacuum chamber 1 is evacuated from the exhaust outlet lb so that the vacuum 
chamber 1 becomes highly vacuum at 10" 2 to 10" 6 Torr (alternatively filled with nitrogen 
gas). Next, current is conducted to the resistance line 3 so as to preheat the object M at 
approximately 400°C. Further, the movable mount table 2 is moved so that a laser 
irradiation portion P is positioned at an irradiation start point on the object M. Then, 
laser light R is generated from the excimer laser irradiation apparatus 6. The laser 
light R is introduced into the vacuum chamber 1 through the laser introduction window 
5 and delivered approximately vertically to the surface of the object M. The movable 
mount table 2 is moved in this state so as to scan the whole surface (for example 300 
mm x 300 mm) of the amorphous semiconductor thin film Ml of the object M with a 
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small area (for example 0.4 mm x 150 mm) of the laser irradiation portion P. At this 
time, based on the intensity of the passed laser light, the excimer laser irradiation 
apparatus 6 is controlled to adjust the irradiation intensity and the irradiation timing of 
the laser light R and the movable mount table 2 is controlled to adjust the moving speed 
and the moving timing. This makes it possible to appropriately crystallize the 
amorphous semiconductor thin film Ml even when the amorphous semiconductor thin 
film Ml has variation in its thickness and characteristic. 

® the gate valve S3 is opened, the processed object M is taken out from the top plane 

of the movable mount table 2, and the gate valve S3 is closed. 

[0016] 

According to the above laser annealing process apparatus 200, it is possible to 
constantly conduct appropriate, neither too much nor too little, annealing without taking 
out the object M from the vacuum chamber 1 even when the object M has variation and 
to improve the quality and the throughput. 
[0017] 

[Effect of the Invention] 

According to the laser annealing process apparatus of the present invention, it 
is possible to constantly conduct appropriate, neither too much nor too little, annealing 
without taking out the object M from the airtight container even when the object M has 
variation and to improve the quality and the throughput. 

[Brief Description of the Drawings] 

[FIG 1] A cross-sectional view showing substantial parts of a laser annealing process 
apparatus according to Embodiment Mode 1 of the present invention. 
[FIG 2] A figure showing the characteristic of the reflectivity of amorphous silicon a-Si 
and crystalline silicon C-Si. 

[FIG 3] A figure showing the convergence characteristic of the moving speed of a 
movable mount table when the irradiation intensity of laser light is constant and the 
moving speed is controlled. 

[FIG 4] A cross-sectional view showing substantial parts of a laser annealing process 
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apparatus according to Embodiment Mode 2 of the present invention. 

[FIG 5J A cross-sectional view showing substantial parts of an example 

conventional laser annealing apparatus. 
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